We explored the relationship between unmet care needs, health status, health utility and costs in people treated for melanoma via a cross-sectional follow-up survey (N = 455) 3 months to 5 years after complete resection of stage I-III cutaneous malignant melanoma. 51% (n = 232) had unmet care needs. This group had higher mean resource use, estimated conservatively (£28 vs. £10 per person) and worse overall health. Mean health-related utility index (AQoL6D) 
in cancer determined to date (Fischbeck et al., 2015; Harrison et al., 2009; Smith et al., 2007) .
Research in other health conditions has highlighted a link between unmet supportive care needs and resource use, for example, an association between unmet supportive needs in the elderly and emergency hospital admissions (Age UK, 2015) . Reviews in 2004 identified the high cost of cancer care and suggested possible savings and health benefits from meeting a range of supportive care needs; indicating the need for assessment of the cost effectiveness of supportive care for cancer patients (Carlson & Bultz, 2004; Elting & Shih, 2004) . Even so, there remains a gap in the existing evidence base of studies examining the association between supportive care needs, costs and health benefit in cancer. This is surprising, given the strong emphasis on survivorship care within cancer-focussed health policy, which recommends tailored programmes to assist people dealing with the consequences of cancer and its treatment (Department of Health, 2010) . Indeed, the UK's National Cancer Survivorship Initiative places significant emphasis on managing the consequences of cancer and cancer treatment, as well as active and advanced disease during the survivorship time-period (www.ncsi.
org.uk), although with no clear exploration of costs and health benefits of these approaches.
A recent UK large-scale cross-sectional face-to-face and postal survey examined factors associated with unmet need in patients (N = 455) between 3 months and 5 years following complete resection of stage I-III cutaneous melanoma (Molassiotis et al., 2014) . Sample size calculation was based on statistical power to test the contribution of 20 independent variables, whilst assuming a 15% non-response/ missing data rate (Molassiotis et al., 2014) . Recruitment of participants was face-to-face at clinic attendance or via a clinician letter; 642 patients were invited to participate with 472 recruited (17 of which were excluded due to not meeting the criteria of the required time period since resection or having another cancer diagnosis) (Molassiotis et al., 2014 ).
The authors found that a higher level of unmet supportive care need was associated with the presence of anxiety or depressive symptoms, leaving school early and lymph node involvement in the cancer; younger age was associated with higher psychological need (Molassiotis et al., 2014) . The most frequently occurring care needs related to information and fears and uncertainties about the future (Molassiotis et al., 2014) .
The available research points to the need for further work to explore the relationship between unmet need, health and costs. This helps provide additional evidence to inform decision makers about the potential impact of unmet need on costs and the potential benefits and value for money of service provision to meet those needs.
Our aim was to use data from the study by Molassiotis et al. (2014) to address this gap in current evidence by: (1) providing additional information about the range of services used, minimum costs and participants' health benefit (utility); and (2) exploring the relationships between participants' characteristics, need and associated costs and utility.
Specific objectives to address these aims were:
1.1 | Aim 1 1. Use the AQoL (Richardson, Atherton Day, Peacock, & Iezzi, 2004 ) data collected in the survey and published utility weights to estimate a measure of health benefit that reflects the relative importance of, and preferences for, different aspects of health.
2.
Use the supportive care service use data collected in the survey to estimate the minimum cost of services used by the cohort.
| Aim 2
3. Explore whether there are associations between unmet need, health utility and cost measures and: (1) participant characteristics; (2) other clinical measures of outcome.
4.
Assess whether there are differences in minimum costs and quality of life between those people with at least one unmet supportive care need and those with no expressed supportive care needs.
| METHODS

| Population and participant sample
The analyses were planned to inform policy and care provision about the cost and health benefit implications of unmet care needs for the patient population following surgery and treatment for invasive melanoma. This analysis of economic factors used data for all participants included in the large scale cross-sectional survey summarised in the Introduction. Further details of the survey design and methods are reported in the main study paper (Molassiotis et al., 2014) .
| Measures used for analysis of economic factors
| Unmet care needs
The presence of unmet care needs was assessed using the 34 items on the Supportive Care Needs Survey-Short Form 34, which includes items such as, "being given written information about important aspects of your care" and covers need in the previous month (SCNS-SF34: Boyes, Girgis, & Lecathelinais, 2009) , together with 12 items on the melanoma-specific module, which covers items such as skin soreness (McElduff, Boyes, Zucca, & Girgis, 2004) . No supportive care need was defined as scores of 1 (no need or not applicable) or 2 (no need or need satisfied). Any supportive care need was defined as scores of 3 or more (3 = low need, 4 = moderate need, 5 = high need) on any item.
| Participant characteristics
Data were collected within the survey on participants' sociodemographic and economic characteristics (gender, marital status, age, age left school, education, work and occupation). Information about the site of the primary melanoma, lymph node involvement and lymphoedema, type of surgery and any additional treatment were also collected as part of the clinical characteristics of the participants.
| Health measures
Anxiety and depression was measured using the Hospital Anxiety and Depression scale (HADS), a 14-item, widely validated measure; 7 items relate to depression, 7 to anxiety-scores of 0 to 7 on each scale are considered normal (Zigmond & Snaith, 1983) . Participant well-being was assessed using the FACT-M measure (Functional assessment of Cancer Therapy-Melanoma: Cormier et al., 2008) ; a reliable and valid 51-item instrument, covering melanoma (24 items-8 items relate to surgery); physical, social and functional well-being (each 7 items); and emotional well-being (6 items), together with the Trial Outcome Index (TOI), an efficient summary index of physical and functional outcomes.
General health was assessed using a five-point scale on which the participant rated themselves as having poor to excellent health.
| Utility and health benefit (Aim 1, Objective 1)
Health benefit for this analysis was measured using the 20-item AQoL6D health status measure (Richardson et al., 2004) . Items cover five dimensions; illness, independent living, social relationships, physical senses and psychological well-being. A published algorithm (aqol. com) and preference weights were applied to the responses to these 20 items to estimate the utility value for each survey respondent's reported health state.
The cross-sectional design of the survey meant that the AQoL was only measured at one time point. This meant it was not possible to use the calculated utility values to estimate quality-adjusted life years (QALYs), the measure of health benefit preferred by the UK National Institute for Health and Care Excellence (NICE). QALY estimation requires utility estimates at two time points along with details about the length of time between each assessment point.
| Supportive care service use and minimum costs (Aim 1, Objective 2)
Survey participants were asked to report whether they had used any of 21 supportive care services (binary response of yes or no).
The range of services considered included community-based mental health services (e.g., mental health team), primary and community health and social care (e.g., social worker), support groups (e.g., peer support) and information sources (e.g., internet information).
Whether a person had used any service, and the number of services accessed, were used to compare the impact of unmet needs on the use of supportive care services. Note that the full list of services is shown in Table 2 .
The supportive care use data collected in the study was restricted to whether a participant used a service or not. This meant that the cost measure was limited to be a minimum cost for each participant. It was assumed that each service was used once only and a unit cost for that service was applied. This minimum cost was used for the primary analysis, to compare the impact of unmet supportive care needs on total cost. The minimum cost provides a way of combining the different types of service used that reflects the relative opportunity cost of each service. In reality, some participants would use one or more of the services more than once. It is important to note that the costs reported here are limited in terms of the range of services asked about and the survey focus on whether a participant had used a service rather than frequency or intensity of use of services. Even so, the data available provide an important indication of the implications of supportive care needs for the NHS and Social Care and third-sector organisations.
Unit costs were initially derived from NHS Reference Costs for 2012/13 (NHS Reference Costs, 2012/13) and Unit Costs of Health and Social Care (PSSRU, 2012) . The costs reported in this paper are inflated to 2014/2015 prices using the OECD non-food, nonenergy inflation index for the UK (OECD, 2015) , to reflect changes in public sector costs. Minimum costs were taken as the unit cost for that intervention or the cost per hour where the unit cost was not available. Published unit costs were not available for some services (internet information, internet-based support group and the use of an information leaflet/booklet). These are low-intensity interventions. It was assumed that the costs of these, particularly staff costs, would be lower than for services that involved direct contact between a care professional and the service user. Accordingly, it was assumed that the unit cost of these services was 50% of the lowest cost intervention for which a unit cost was available. This may overestimate the unit costs of providing internet information or information booklets, but may under-estimate the costs of internet-based support groups.
| Missing data
There were missing observations where some participants completed some, but not all, of the questions. The descriptive data summaries presented in Table 2 and 3 used participants with complete data on service use (Table 2) or AQoL-6D (Table 3 ). There were missing responses to one or more items of the SCNS measure (used to determine supportive care need) for some participants (n = 65, 14%). If a participant had not completed all items but rated one or more items as a score of three or more (indicating some unmet need) they were defined as having some need. If a participant had not completed all items but rated all the items they responded to as a score of two or less (indicating no need or need met) and they had four or less missing observations on the SCNS, they were defined as having no unmet needs. Participants with missing data on more than four items were treated as missing cases (n = 3, 0.7%).
Multiple imputation (chained predictive mean matching for continuous variables and chained logistic regression for categorical variables) was used to estimate missing values for all variables used in this analysis. The imputed dataset was used in the regression models for the main analyses.
| Statistical analyses
Participant characteristics, service use, costs and health benefit were analysed using descriptive summaries (proportion/mean; 95% CI). The data were analysed in 4 steps. All regression analyses used the pooled dataset of people with met and unmet need, including the missing values from multiple imputation. STATA v.13 software was used for the multiple imputation and all the analyses.
| Step 1-participant characteristics associated with need, utility and costs (Aim 2, Objective 3)
Non-parametric correlation statistics (Kendall's tau b coefficient, p-value) identified independent associations between each pair of health, cost and need measures, to identify key characteristics for further analysis. Participant characteristics with a statistically significant association with need, utility or minimum cost were then included as independent variables in regression models to assess whether they were associated with need (logistic regression), utility (ordinary least squares regression) or minimum cost (generalised linear regression using gamma-log distributions to account for skewed cost data).
| Step 2-initial estimation of net utility and costs (Aim 2, Objective 4)
Independent regression analyses adjusting for the effect of clinical and demographic characteristics (identified from step 1) gave an initial assessment of whether there were statistically significant differences in utility and minimum costs for participants with, and without, care needs (ordinary least squares regression).
| Step 3-estimating net costs conditional on using one or more services (Aim 2, Objective 4)
As is typical with cost data, the costs were skewed, with a large proportion of participants not using any services, giving a cost of zero. To explore the impact of care need on costs further, a two-part regression model was used to estimate: (1) the odds ratio that participants would have costs higher than zero (logistic regression); and (2) the net cost of participants with care needs (ordinary least squares regression), conditional on having a cost higher than zero.
| Step 4-estimation of net utility and costs accounting for multicollinearity (Aim 2, Objective 4)
Since the data used to generate variables for need, cost and utility were all collected at a single point in time, the relationship of care need with cost and utility is likely to be jointly determined and colinear. For example, a participant may have unmet supportive care needs because they are not accessing services, resulting in low costs.
Conversely, participants may be high users of services and have high unmet care needs due to poor health. Accordingly, a simultaneous equation model (using three-stage least squares regression) was used to explore the relationship between need and costs/utility conditional on these three dependent variables being co-linear and endogenous.
To facilitate the analysis, a measure of monetary benefit was estimated. This combined the costs and utility into a single measure of net monetary benefit (nmb) by revaluing the utility measure in monetary terms. Based on reviews of NICE decisions (Rawlins & Culyer, 2004) , it was assumed that decision makers would be willing to pay £15,000 per quality-adjusted life year which equates to a willingness to pay £41 per quality-adjusted day. The quality-adjusted day was estimated as the utility score for each participant. The monetary benefit measure was estimated as: utility x £41-cost.
Four equations were specified for the simultaneous model system, one for each of the jointly determined (co-linear and endogenous) variables (need, utility, minimum costs and net monetary benefit), with two instrumental variables (the FACT total score and number of services used). The analyses controlled for the impact of participant characteristics by specifying these as exogenous or independent variables. 
| Ethical approval
| RESULTS
Overall, 380/455 (83%) participants had complete data on all the demographic and clinical characteristics and the utility and cost outcomes used in the primary analysis.
| Descriptive summaries of participant characteristics
There were few differences between participants with some unmet supportive care need and no need in terms of their socio-demographic profile and details of the primary diagnosis and treatment. A higher proportion of people with unmet supportive care needs had stage 3 melanoma (83/222; 37%; 95% Confidence Interval (CI): 31%, 44%), compared to those with no unmet supportive care needs (42/211; 20%; 95% CI: 14%, 25%). People with lymph node involvement and/ or lymphoedema were also more likely to have unmet needs (71/226; 31%; 95% CI: 25%-38%) than not (37/217; 17%; 95% CI: 12%, 22%).
Full details of participants' characteristics are given in Table 1 . Eightysix percent of participants (390/455) had a complete set of responses on all 46 items of the SCNS. Most of the 14% of people with missing SCNS data (34/65) were missing 1 item on the needs survey.
1. 129 participants were defined as having unmet need, with no missing items; 2. 208 participants were defined as having no unmet need, with no missing items; 3. 103 participants had one or more missing SNCS items and were defined as having unmet need on the basis of the items that were completed.
4. 12 participants had three or fewer missing items on the care need survey; the missing items were imputed as the lowest score for that particular case and these participants were defined as no unmet need with missing items.
5.
Three participants had four or more missing items on the care needs survey; these participants were treated as missing and not included in the complete-case analysis.
The sample for analysis therefore comprised N = 452. The SCNS data indicated that 220/452 (49%) of participants had no unmet supportive care need. Thirty-eight percent of the participants defined as having unmet need (89/232) had at least one item of high unmet need.
A further 28% (64/232) had moderate unmet need and the remaining 34% (79/232) of people with unmet need were categorised as having low unmet need for supportive care.
| Statistical analyses
3.2.1 | Utility and health benefit (Aim 1, Objective 1) Table 2 shows the proportion of people with no reported problems for each of the items on the 20-item AQoL6D (Richardson et al., 2004) and the mean utility score for people with complete AQoL6D data. The Table 3 shows differences in the range of services used grouped by care need, for people with complete service use and cost data. In particular, the data indicate that the group with unmet supportive care needs may be more likely to use some services, such as cancer helplines, internet information, physiotherapy, psychiatry, internet-based support groups or information leaflets or booklets.
|
Step 1-participant characteristics associated with need, utility and costs (Aim 2, Objective 3) Table 4 reports the results of the analyses to explore the relationship between participants' demographic and clinical characteristics and scores on the different health measures to need, cost and utility. The analyses reported in Table 4 used the multiple imputation data for all participants. Only the characteristics with a statistically significant association (p < .05) with need, cost or utility are included. Appendix 1 (available online) reports the results for all characteristics included in the analysis. Table 4 indicates that unmet care needs and costs were associated with age and whether the participant was classed as having a manual, or other occupation, rather than non-manual occupation. Unmet need was also associated with the TOI and FACT measures of health. for participants with no unmet care needs. Table 5 ( Step 2) summarises the results of the regression analyses to estimate the net costs and utility of people with unmet care needs compared to those without. After controlling for the effect of participant characteristics only, people with unmet care needs had a net loss in utility of −0.14 (95% CI −0.17; −0.11) and a net cost of £18 (95% CI 8; 26) compared to those with no unmet care needs.
| Step 2-initial estimation of net utility and costs (Aim 2, Objective 4)
| Step 3-estimating net costs conditional on using one or more services (Aim 2, Objective 4)
The two-part regression model results, to account for the skewed nature of the cost data are also shown in T A B L E 2 AQoL-6D health states and utility, participants with complete AQoL-6D data part of the model are conditional on the outcome of the first part of the model and indicate a higher net cost per person with unmet need than those found in Step 2.
| Step 4-estimation of net utility and costs accounting for multicollinearity (Aim 2, Objective 4)
The results of the simultaneous equation models are reported in Steps 4a to 4d of Table 5 . Analysis 4a indicates that very small increases in service use and cost are likely to increase the level of unmet needs, whilst improvements in health reflected in higher utility scores will reduce unmet need.
Analysis 4b shows that both need and utility have an impact on costs. Higher unmet need results in higher costs (after taking into account the interdependence between cost and need). Higher utility is also associated with higher costs, which may suggest that higher service use improves health. The mean cost refers to the average cost for all participants with data, whether or not they used a service. The cost data represent the minimum cost of services used, since only data about whether a service was used, rather than the number of times used was available.
T A B L E 3 Number using a service and average costs per person, by need for supportive care, participants with complete cost data benefit (combining utility and costs). Each additional service used by participants (used as a proxy for cost), decreases the net monetary benefit by £17 (95% CI −£18; −£17). In contrast, each additional unit of utility (improvement in health benefit) increases the overall net monetary benefit by £37 (95% CI £32; £42). Finally, this analysis indicates that each percentage increase in unmet need is associated with a £7 (95% CI −8; −5) decrease in net monetary benefit.
| DISCUSSION
This paper reports the results of cost analyses of a cross-sectional survey of supportive care needs in patients with melanoma (Molassiotis et al., 2014) . For this analysis, 51% (232/455) of the study participants were categorised as having some unmet supportive care needs and 49% (220/455) as having low, or no, unmet need.
Descriptive comparison of the two groups indicated that the group classed as having unmet care needs used more health and social care and support services than those with no unmet needs.
These differences in service use translated into a higher average minimum cost for the group with unmet care needs. Regression analysis was used to account for the influence of participant characteristics and the fact that service use and cost data are typically skewed. This analysis confirmed the descriptive comparison and indicated that the mean cost for the participant group with unmet needs was £28 (95% CI £20; £35) compared to £10 (95% CI £7; £13) for those with no unmet needs. This difference was statistically significant.
The descriptive analysis of the health status and utility data from the AQoL-6D indicated that participants in the unmet need group had a lower level of health and utility than the group with no unmet care needs, which accords with other measures of health used in the survey. Formal statistical analysis, adjusting for the impact of participant characteristics, found these differences to be statistically significant.
The mean utility score for the unmet care needs group was 0.76 (0.73; 
| Limitations
The cross-sectional design of the survey meant that data were only collected at a single point in time. As noted in the methods, this limits any inference about the relationship between need, health status and costs. It is not possible to say with certainty that unmet supportive care need is a cause of higher service use and costs and lower health.
However, the statistical analyses presented here do control for this issue to some extent. The simultaneous equation model indicates that unmet supportive care need may have an independent effect on health and cost, after controlling for the effect of health and cost on unsupported care needs.
The cross-sectional nature of the study meant that changes in health and utility over time were not captured. Similarly, the cumulative impact of unmet supportive care needs on health and costs could not be assessed. This meant that a full economic evaluation of the impact of unmet need was not possible, which should be the focus of future research in a variety of cancer diagnostic groups.
Whether a participant used a service or not was measured, but how often that service was used was not recorded. This meant that the costs of service use were estimated as the minimum cost of using a service once. For some services this may be appropriate; for others, it is likely to underestimate the total cost per person. This means that the impact of unmet supportive care needs on the use and costs of health and social care services is likely to be underestimated, suggesting the analysis is conservative. However, if there are differences in the frequency of service use and costs between people with met and T A B L E 5 Net costs and utility, regression analyses adjusted for participant characteristics, multiple imputation data unmet need that offset the differences in the number of services used, then the analysis may be biased. The direction of any bias in this case is unclear.
The range of services asked about in the survey was focussed on supportive services used by people following cancer treatment.
In particular, use of hospital inpatient and outpatient services and primary care was not recorded. If the use of these services differs between people with, and without, unmet supportive care needs, the analyses reported in this paper may be biased. If people with unmet supportive care needs also make higher use of secondary and primary care, then the analysis will underestimate the impact of care needs on costs. However, if people with no supportive care needs also use more secondary and primary care services, this may be a reason for not needing additional supportive care. In this case, our analysis will overestimate the impact of unmet supportive care needs on costs.
| Implications
As far as we are aware, there are no studies which have set out to examine the association between supportive care needs and costs in melanoma (or any other cancer diagnostic group). We are therefore unable to compare the level of resource use of patients with unmet need in this cohort with that of similar patients elsewhere. However, a study from the US looking at medical expenditure of cancer survivors alongside indirect morbidity costs, such as productivity loss, though not specific to supportive care needs, shows that previously diagnosed (as opposed to newly diagnosed) cancer survivors have an excess economic burden of $4,427 per survivor in those aged less than 65 years and $4,519 in those older than 65 years (Guy et al., 2013) . Such economic data allows key stakeholders to plan for health care expenditure related to cancer survivorship and to introduce interventions to improve patients' health and decrease the overall survivorship economic burden. Furthermore, our data clearly show that need is associated with higher costs and lower health; those with unmet needs used triple the costs of resource utilisation than those with no unmet needs. Whilst further longitudinal research is needed to understand the causal links, our results support the need to develop interventions to manage unmet supportive care needs, which are primarily informational and psychosocial in nature (Fischbeck et al., 2015) .
Evidence on the extent of unmet supportive care needs in melanoma survivors is essential to the development of care services aligned with the survivorship care agenda. This should consider the extent of both subjective need (as perceived by the cancer survivor) and normative need (as assessed by health care professionals using clear criteria). Winzer et al. identify two groups where subjective and normative need differ (Winzer et al., 2009) . The first has a low level of need but survivors express a subjective need for supportive care.
Evidence is needed about whether survivor's perceived need for care
has an impact on their overall health. The second group has a high level of normative need, but do not express an interest in, or need for, psychosocial support. How this affects take up, adherence with and the effectiveness of services requires further assessment. Data, such as those provided here, on the link between unmet needs and higher resource use provide additional information that suggests enhanced services may be cost effective. The principles of the current study may be applicable to other cancer survivors who experience similar needs.
Recommendations for the development of effective supportive care services for cancer survivors include patient education programmes (Ganz et al., 2013) , psycho-social interventions, such as cognitive therapy (Kasparian et al., 2009) , psycho-educational interventions, including those designed to enhance an individual's appraisal of their ability to cope (Hamama-Raz, 2012) and routine screening for psychosocial and emotional distress (Ganz et al., 2013; Kasparian et al., 2009) , Research indicates potential effectiveness of supportive care interventions, for example, in improving quality of life outcomes (Lepore, Helgeson, Eton, & Schulz, 2003) . There is an obvious need for economic evaluation of such interventions in cancer care (Carlson & Bultz, 2004) . Indeed, it is advocated that economic analyses should be incorporated into survivorship intervention research as they can be important tools in the translation of effective interventions into practice (de Moor, Alfano, Breen, Kent, & Rowland, 2015) . Our study provides initial economic and health utility data in a key aspect of the cancer survivorship agenda; that of managing unmet supportive care needs. 
| CONCLUSIONS
